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ABSTRACT
VIRUS REDUCTION BY THE STANFORD ONSITE 
WASTEWATER TREATMENT SYSTEM
A f ie l d  study to  examine th e  S tan fo rd  O ns ite  Wastewater 
Treatm ent System 's a b i l i t y  to  remove bacteriophage from 
wastewater was conducted. MS2 Coli phage was In je c te d  In to  th e  
low p ressure  p ipe (LPP) d is t r ib u t io n  system to  ach ieve an 
In f lu e n t  c o n c e n tra tio n  o f 1 .6  x 106 plague fo rm ing  u n its  per 
m i l l i l i t e r  (PFU/ml) .  The bacteriophage was In je c te d  In to  th e  
system th re e  tim es d u rin g  th e  day, and samples were taken from 
dra inage t i l e s  o f th e  tre a tm e n t system. T i le  drainage was 
assayed on c o n fo rm  b a c te r ia  host c u ltu re s  fo r  MS2 phage. The 
tre a tm e n t system removed two t o  th re e  lo gs  (99% to  99.9%) o f the  
phage. D uring th e  past two y e a rs , th e  tre a tm e n t system has a lso  
reduced t o ta l  o rgan ic  carbon from 55 mg/1 to  5 mg/1. The system 
a lso  reduced th e  ammonium-nitrogen c o n c e n tra tio n  f r om 41 mg/1 to  
1 mg/1. The n i t r a te -n it r o g e n  c o n c e n tra tio n  rose from le s s  than 
1 mg/1 1n th e  In f lu e n t  t o  4 mg/1 1n th e  e f f lu e n t .  Over th e  past 
two y e a rs , th e  geom etric  mean fe ca l c o l i form c o n c e n tra tio n  was 
18 co lony-fo rm i ng u n i ts  per ml (CFU/m l). The e f f lu e n t  w a te r 
q u a l i ty  meets th e  Arkansas Department o f H e a lth , Standards fo r  
Outdoor B a th ing  P laces.
Mark A. Gross
Techn ica l Com pletion R eport to  th e  U. S. Department o f th e  
I n t e r io r , Reston, VA, June 1990
Keywords: S e p tic  Tanks/V i ruses/W ater Reuse
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INTRODUCTION
As p a r t  o f th e  Arkansas In d iv id u a l O ns ite  Domestic 
Wastewater Renovation P ro je c t,  a system has been developed to  
s u c c e s s fu lly  t r e a t  s e p t ic  tank e f f lu e n t  i n east Arkansas s o i ls  
having high seasonal w a ter ta b le s . In  o p e ra tio n  s ince  August, 
1987, the  system uses th e  n a tiv e  s i l t y  s o i l (u n d e rla in  by an 
Impermeable h o r iz o n ) as a f i l t e r  to  t r e a t  th e  s e p t ic  tank 
e f f lu e n t  t o  h igh enough q u a li ty  to  meet Arkansas Department o f 
Health  standards fo r  outdoor ba th ing  p la ce s . U n til now, no 
a n a ly s is  had been made o f th e  a b i l i t y  o f th e  system to  remove 
v iru s e s  from th e  s e p t ic  tank e f f lu e n t .
T h is  study has addressed th e  e x is t in g  wastewater trea tm en t 
system ’ s a b i l i t y  to  remove or In a c t iv a te  v iru s e s  1n s e p t ic  tank 
e f f lu e n t .  The a p p lic a t io n  o f reusab le  w a te r may depend upon th e  
w a te r q u a l i ty  1n term s o f v iru s e s  -  fo r  example, overhead 
I r r ig a t io n  may no t be accep tab le  1 f v iru s e s  cou ld  be a e ro so lize d  
by th e  I r r ig a t io n  process. Subsurface or d r ip - t r i c k le  
I r r ig a t io n  may be a p rope r a p p lic a t io n .  The EPA regards a 99.9 
pe rcen t (3 - lo g )  re d u c tio n  1n v ir u s  t i t e r  as accep tab le  tre a tm e n t 
fo r  po ta b le  w a te r tre a tm e n t systems. T h is  study w i l l  determ ine 
th e  v ir u s  re d u c tio n  c a p a b il i t y  o f th e  e x is t in g  o n s ite  wastew ater 
tre a tm e n t system.
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The p r in c ip le  o b je c t iv e  o f t h is  p ro je c t  was to  determ ine 
the  a b i l i t y  or I n a b i l i t y  o f an experim enta l In d iv id u a l 
wastewater tre a tm e n t system to  remove or In a c t iv a te  v iru s e s .
East Arkansas, as w e ll as o th e r s im ila r  reg ions  o f th e  
U n ited  S ta te s , g e n e ra lly  has extrem ely poor s o i ls  fo r  o n s ite  
wastewater tre a tm e n t and d is p o s a l. S o ils  vary from expansive, 
non-permeable c la y s  to  f in e -g ra in e d  s i l t y  s o i ls .  The topography 
1s le v e l (excep t fo r  th e  lo ess  r id g e s )  and p resen ts  extrem ely 
poor d ra inage . Seasonal w a ter ta b le s  r is e  to  th e  su rface  or 
above d u rin g  th e  ra in y  season o f th e  y e a r. Since communities 
expand by u t i l i z i n g  o n s ite  wastewater tre a tm e n t around th e  
p e rip he ry  u n t i l  p u b lic  sewer s e rv ic e  1s a v a ila b le ,  th e  a b i l i t y  
o f east Arkansas communities t o  expand i s hampered by th e  la c k  
o f fu n c t io n in g  In d iv id u a l wastewater tre a tm e n t techno logy .
An In n o v a tiv e  In d iv id u a l wastewater tre a tm e n t system i s i n 
o p e ra tio n  1n east Arkansas as p a r t  o f  th e  Arkansas O ns ite  
Domestic Wastewater Renovation P ro je c t.  The system has been i n 
o p e ra tio n  s ince  August, 1987, and th e  past 2 ye a rs ’ data show 
th a t  th e  system no t on ly  disposes o f wastewater e f f i c ie n t l y ,  but 
a ls o  renova tes th e  wastew ater to  a q u a l i ty  meeting Arkansas 
Department o f H ealth  c r i t e r i a  fo r  p u b lic  ba th in g  p laces .
Analyses c u r re n t ly  perform ed In c lu d e  T o ta l O rganic Carbon, 
Ammonia N itro g e n , N it r a te  N itro g e n , S p e c if ic  C o n d u c tiv ity , 
C h lo r id e , and Fecal C o li form . T h is  h igh  q u a l i ty  w ater should be
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considered  fo r  reuse, and th e  v iru s  study o f th e  trea tm en t 
system 1s In s tru m e n ta l 1n e v a lu a tin g  w a te r reuse p o te n t ia l.
The system i s i n a s i l t y  s o i l on le v e l te r r a in  and was 
In s ta l le d  a t  a home where t r a d i t io n a l  o n s ite  wastewater 
tre a tm e n t techno logy had f a i le d  c o n s is te n t ly .  Although th e  new 
system 1s no t viewed as a panacea fo r  east Arkansas, 1 t does 
have p o te n t ia l fo r  s i l t y  s o i ls ,  and data so f a r  w a rra n ts  fu r th e r  
In v e s t ig a t io n  o f I t s  p o te n t ia l fo r  w a te r reuse.
T h is  p ro je c t  1s re la te d  to  ongoing research o f th e  Arkansas 
O ns ite  Domestic W astewater Renovation P ro je c t 1n th a t  a v iru s  
study o f th e  design used a t  th e  S ta n fo rd  Research S ite  w i l l  
p rov id e  In fo rm a tio n  re q u ire d  t o  assess th e  s u i t a b i l i t y  o f t h is  
design as a w a te r reuse system.
The U n iv e rs ity  o f Arkansas, F a y e t te v i l le ,  th e  U n iv e rs ity  o f 
Arkansas a t  L i t t l e  Rock, th e  Arkansas Department o f H e a lth , the  
J e ffe rs o n  County, Arkansas H ealth  U n it ,  and th e  L in c o ln  County, 
Arkansas H ea lth  U n it  have re c e n tly  completed a th re e -y e a r 
c o o p e ra tiv e  e f f o r t  to  p rov id e  data c o l le c t io n ,  ana lyses, 
e n g in e e rin g , and maintenance fo r  th e  S ta n fo rd  Research S ite .  
S a n ita r ia n s  from th e  L in c o ln  and J e ffe rs o n  County H ealth  U n its  
c o lle c te d  samples and m on ito red  w a te r depth 1n th e  w e lls .  The 
la b o ra to ry  a t  th e  Arkansas Department o f  H e a lth , L i t t l e  Rock, 
p rov ided  fe c a l c o n fo rm  ana lyses. The U n iv e rs ity  o f Arkansas, 
F a y e t te v i l le ,  Department o f Agronomy, coo rd ina ted  th e  p ro je c t
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and p rov ided  o th e r chemical ana lyses. The U n iv e rs ity  o f 
Arkansas a t  L i t t l e  Rock, Department o f E le c tro n ic s  and 
In s tru m e n ta tio n , p rov ided e ng ine e ring  and coo rd ina ted  and 
perform ed ro u t in e  maintenance fo r  th e  system.
The p ro je c t  was performed by fa c u lty  and s tuden ts  a t  the  
U n iv e rs ity  o f Arkansas a t  L i t t l e  Rock, but data ro u t in e ly  
c o lle c te d  as p a r t  o f th e  S tan fo rd  System Research was In te g ra te d  
In to  th e  p ro je c t .
Virus Removal by Soil
Research has been c a r r ie d  ou t to  determ ine th e  c a p a b il i ty  
o f v a r io u s  s o i ls  and o f s o i l 1n general to  remove v iru s e s  from a 
l iq u id  suspension. These s tu d ie s  In c lu d e  batch experim ents, 
s o i l column expe rim ents , and experim ents 1n th e  f ie l d .  The 
batch experim ents u s u a lly  c o n s is t o f s t i r r i n g  a v ir u s  suspension 
1n th e  presence o f s o i l ,  a llo w in g  th e  s o i l to  s e t t le ,  and 
measuring th e  amounts o f v iru s  i n th e  s e t t le d  s o i l  and i n th e  
supe rn a ta n t. The column experim ents have b a s ic a lly  been a 
procedure o f dosing a v ir u s  suspension o f known v iru s  
c o n c e n tra tio n  th rough a s o i l column and m easuring th e  v iru s  
c o n c e n tra tio n  In  th e  column e f f lu e n t ,  and sometimes 1n th e  
column I t s e l f .  In  th e  f ie l d  s tu d ie s , s i te s  o f sewage 
a p p lic a t io n  a re  m on ito red  fo r  th e  movement o f v iru s e s  through 
th e  s o i l .
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Facto rs  A f fe c t in g  V iru s  Remova l In  Soi l  and Sand
Research w ith  s o i l and sand has shown th a t  th e  removal o f 
v iru s e s  from w ater and wastewater 1s In flu e n ce d  by several 
measurable param eters. Since th e  mechanism o f v iru s  removal 1s 
a d s o rp tio n , some o f these In flu e n c in g  fa c to rs  such as th e  i oni c 
s tre n g th  o f th e  s o lu t io n  and pH would be expected s ince  they are 
assoc la ted  w ith  a l l  a d so rp tion  phenomena. Other param eters, 
such as tem pera tu re  and th e  amount o f o rgan ics  i n th e  s o i l and 
1n th e  water# a f fe c t  th e  a d so rp tio n  o f  v iru s e s  and a ls o  a f fe c t  
th e  b iochem ical a c t iv i t y  assoc ia ted  w ith  d e s tru c tio n  o f the  
v iru s e s . O ther elements th a t  c o n tr ib u te  to  th e  removal o f 
v iru s e s  from w ater or wastewater are th e  flo w  condi t i ons- 
s a tu ra te d  o r unsa tu ra ted , i n te rm it te n t  o r c o n ti nuous-and flo w  
ra te .
Ion ic Strength, and, pH
Ottawa sand used in  a batch study d id  no t re ta in  v iru s e s  
w e ll a t  a pH above 9 , but below pH 7 most o f th e  v iru s e s  were 
bound t o  th e  sand. The h igh nega tive  charge on p o lio v iru s  
p a r t ic le s  a t  h igh pH causes th e  v ir u s  to  no t be adsorbed by th e  
s im i la r ly  charged s o i l  p a r t ic le s  because o f th e  re p u ls io n  o f the  
double la y e rs . S ince Van der Waals’ fo rc e s  are  th e  a t t r a c t iv e  
fo rc e s , and th e  re p u ls io n  1s due to  o ve rla p  o f th e  double 
laye rs#  changing i oni c s tre n g th  by a d d it io n  o f e le c t r o ly te s
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a lte rs  the  double laye r thickness and enhances adsorption. This 
study showed th a t low pH and add ition  o f e le c tro ly te s  Increased 
adsorption o f p o lio v iru s  by Ottawa sand. Also, d iva le n t cation 
a d d ition  was more e ffe c t iv e  than add ition  o f a monovalent
ca tio n .8 This 1s expected, since the Schulz-Hardy ru le  supports 
such a fin d in g , and other studies have shown th a t the use of
p o lye le c tro ly te s  are e ffe c t iv e  1n enhancing v iru s  adsorption.9 
This e ffe c t of pH and i oni c strength has been noted by several 
researchers,10-14 and w i l l  not be discussed 1n any greater 
d e ta il here.
Organics
The organic concentration o f the s o i l ,  the amount of 
organics 1n the wastewater, and the amount o f m icrobial growth 
on the  surface of the adsorbent a l l  a ffe c t the  degree of v irus  
adsorption from the water. As noted e a r l ie r ,15 s o ils  w ith  high 
organic content are not as e ffe c t iv e  as those w ith lower organic 
m atter content in  v iru s  adsorption. Also, organics in  the water 
compete w ith v iruses fo r  adsorption s ite s  in  the s o il 
m a te r ia l.16 Green and Cl i v er have noted th a t the retentiveness 
o f sand decreases a f te r  a few weeks o f operation due to  the 
m icrob ia l growth on the sand surface, and th is  e ffe c t should be 
considered 1n using sand f i l t r a t io n  fo r  v iru s  removal.17
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Temperature
One e ffe c t of temperature on v irus  removal i s the Increased 
In a c tiva tio n  of viruses a t higher temperatures. A batch study 
Indicated a d ire c tly  proportional re la tionsh ip  o f Inac tiva tion  
o f po lio v iru s  type 1 and coxsackievirus type B1 with 
temperature. Temperature has been considered to  be one of the 
most Important fac to rs  a ffe c tin g  v iru s  removal by s o i l . 11,14
Flow Conditions and Flow Rate
Low flow rates enhance the reduction o f viruses by
s o i l , 10,12-14 and flow rates 1n excess o f 1.6 fee t per day gave
13e r ra t ic  re su lts  1n the removal of v iruses. However, a ra te  of
181 cm/hr caused most v iruses to  be retained in  s o il.
Unsaturated flow has been more e ffe c tiv e  fo r v iru s  removal than 
saturated f low13,19,20 and in te rm itte n t flow has been more 
e ffe c tiv e  than continuous flow .
METHODS AND PROCEDURES
The wastewater 1s pumped from the dose tank In to  the so il 
absorption beds. The beds are 61 cm (2 f t . )  wide and 37 cm 
(14.5 Inches) deep and receive the sep tic  tank e ff lu e n t through 
0.48 cm (3 /16 - i nch) o r i f i  i n 3.8 cm (1 1/2-1nch) nominal 
diameter schedule 40 pvc pipe. The e ff lu e n t 1s d is tr ib u te d  
evenly over the beds by maintaining approximately 60 cm (2 f t . )
7
of head. The e ff lu e n t de live ry  1s by a typ ica l low-pressure
d is tr ib u t io n  system.3,4,5 Figure 1 1s plan view of the 
treatment system. Beside and between the absorption beds are 
t i l e  drain trenches. The drain trenches and the absorption beds 
are separated by 102 cm (40 Inches) o f undisturbed s o i l .  The 
t i l e  trenches are approximately 12.7 cm (5 Inches) wide and 115 
cm (45.5 Inches) deep, f i l l e d  w ith sand, and having a nominal 5 
cm (2 - Inch) diameter Hancor "Turflow " s lo tte d  drain pipe 
located 10 cm (4 Inches) from the trench bottom. The bottom of 
the drain trench corresponds to  the top o f a fra g i pan i n the 
s o il horizon. Figure 2 i l lu s tra te s  the re la t iv e  pos itions of 
the absorption beds and drainage t i le s .  The t i l e  drains 
presently discharge In to  a sump where each t i l e  i s sampled fo r  
physica l, chemical, and bac te rio log ica l analyses.
Wells are located 1n the absorption beds, below the 
absorption beds (a concrete b a rr ie r  e x is ts  to  block cross- 
connection), and 1n the t i le s .  These w e lls  are cu rren tly  used 
fo r seasonal water tab le  measurement.
A. Work Plan
For th is  study, MS2 bacteriophage was Introduced In to  the 
d is tr ib u t io n  system to  the so il absorption beds and the t i l e  
drainage was sampled and assayed fo r  v iru s . The v iru s  was 
pumped In to  the d is tr ib u t io n  system a t an e x is tin g  Y -s tra i ner
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Background Field Filter Field
Figure 1. Plan View o f Wastewater Treatment System.
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Figure 2. Typ ica l Cross-Section Through Soil Absorption and Drainage Tiles.
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downstream from the dosing pump and check valve. A high enough 
t i t e r  was In jec ted  to  cause a f in a l concentration i n each dose 
to  reach 105 PFU/1 (PIague-forming u n its  per l i t e r ) .  This
allowed fo r  demonstration of a 3 -log  (99.9%) reduction 1n v irus
2concentration w ith a 10 PFU/1 t i t e r  remaining 1n the t i l e  l in e  
e ff lu e n t.
The MS2 bacteriophage assay ca rried  out according to  Don 
Berman's procedure ou tlined  1n "Determining Chloramine 
In a c tiv a tio n  of V irus For the Surface Water Treatment Rule" w ith 
the corrections o f November 13, 1988, on pages 7-11 as presented 
a t the seminar "Determining In a c tiva tio n  o f G1ard1 a and Viruses 
by Chloramines fo r  the Surface Water Treatment Rule", AWWA 1988 
Water Q ua lity  Technology Conference.6 (See Appendix). The 
MS2 bacteriophage was catalog number 15597-B1, and the bacteria l 
host was Escherichia col 1 catalog number 15597 from American 
Type C ulture C o llec tio n .
The MS2 bacteriophage was be used ra ther than an 
en terov irus fo r  several reasons. F ir s t ly ,  collphage 1s safe 
compared to  p o lio v iru s , h e p a tit is , or other p rim ate -i n fe c ti ng 
v iruses. Secondly, collphage assays can be ca rried  out 1n a 
re la t iv e ly  simple bac te rio log ica l labora tory ra ther than In a 
tissue  cu ltu re  labo ra to ry . T h ird ly , the conform  host i s 
re la t iv e ly  simple to  cu ltu re  and m aintain as compared to  the BGM 
c e ll l in e ,  HEK c e lls ,  or primary tissue  cu ltu re . Fourth ly, the
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MS2 bacteriophage assay technique to  be used was developed i n 
the EPA labora to ries  1n C inc inn a ti, Ohio, and 1s an acceptable 
technique fo r v irus  studies.
B. Sampling and Data Collection
Samples were co llec ted  a t two po ints as fo llow s :
1. Inbed well s
2. T ile  o u tle ts
T ile  drain samples were co llec ted  as grab samples by placing 
sample containers under each t i l e  o u tle t pipe to  the sump. This 
treatm ent system 1s unique 1n th a t each t i l e  may be sampled 
In d iv id u a lly  and each sample represents an In teg ra tion  along the 
e n tire  length of the t i l e .
The bacteriophage assay as previously noted, followed the 
method ou tlined  by Berman in  "Determining Chloramine 
In a c tiv a tio n  o f V irus fo r the Surface Water Treatment R ule".6 
This method consists of Inocula ting a sample w ith E. Col 1 host 
1n an agar suspension i n the proportion o f 3 ml agar, 0.5 to  1.0 
ml sample, and 0.1 to  0.2 ml bacte ria l host per tube. This warm 
(45° C) suspension is  spread evenly over a p e tr i  dish (100 x 15 
mm) conta in ing a previously prepared and s o lid if ie d  b o ttom agar 
laye r. The dishes are i ncubated overn ight a t 37° C and the
12
plaques are enumerated Immediately a fte r  Incubation. Serial 10-
 fo ld  d ilu t io n s  from 10-1 to  10-4 are assayed in  t r ip l ic a te .
The re su lts  o f the p ro jec t were evaluated in  terms of the 
reduction 1n v iru s  t i t e r  as the sep tic  tank e ff lu e n t passes from 
the so il absorption beds In to  the t i l e  drain sump. Although the 
reduction in  t i t e r  may be caused by e ith e r In a c tiva tio n  or 
removal of v iruses, the mechanism of reduction was not 
considered. For water treatment fa c i l i t ie s #  a 3 -log  (99.9%) 
reduction of v iru s  concentration 1s required. Rose7 has 
reported e n te ric  v iru s  concentrations in  raw sewage as being i n 
the range of 102 to  103 PFU/1.
Data co llec ted  and maintained Independently of the proposed 
study, but valuable fo r  the study, Included Total Organic 
Carbon, Ammonia N itrogen, N itra te  N itrogen, Chloride, Specific  
C onductiv ity , and Fecal Col i form Concentrations 1n the treatment 
system In f lu e n t, the t i l e  drain discharge# and the background 
t i l e  dra in discharge.
PRINCIPAL FINDINGS AND SIGNIFICANCE 
The re su lts  o f th is  study show th a t the Stanford Onsite 
Domestic Wastewater Treatment System can achieve a two to  three 
log reduction i n bacteriophage t i t e r  as w ell as produce water 
th a t meets the Arkansas Department of Health, Standards fo r
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Outdoor Bathing Places. Presentation of the resu lts  o f the 
experimentation fo llow .
A. Virus Recovery Experiment
Before experimenting w ith bacteriophage 1n the f ie ld , a 
b r ie f laboratory study was conducted to  determine v irus  recovery 
e ff ic ie n c ie s  from septic tank e ff lu e n t (STE) and from treated 
STE. MS2 bacteriophage was suspended 1n s a lt  d ilue n t made 
according to  Berman's recipe shown 1n Appendix A. STE was 
f i l te r e d  through 15.2 cm (6 Inches) o f course f i l t e r  sand and 
the MS2 phage was added to  the treated STE. Bacteriophage was 
also added to  raw STE. 0.1 ml of the phage suspension was added 
to  100 ml each of f i l te r e d  and raw STE. The STE and phage 
m ixture was ag ita ted gently fo r approximately three hours to  
allow the m ixture to  e q u ilib ra te  and to  le t  the phage adsorb to  
any p a rtic le s  suspended 1n the STE and f i l te r e d  STE. The MS2 
bacteriophage suspension, raw STE, and f i l te r e d  STE were assayed 
fo r bacteriophage and recovery e ff ic ie n c ie s  were calcu lated. 
Table I  i l lu s tra te s  these data. The recovery e ffic ie n cy  was 
ca lcu la ted as fo llow s :
Recovery Measured E fflu e n t T ite r
E ffic ie n c y , % = ------------------------------------- * 100
Phage Suspension T ite r
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TABLE I .
VIRUS RECOVERY EFFICIENCIES
Phage Suspension 
T i t e r , PFU/ml
Measured 
STE T i t e r ,  
PFU/ml
Recovery E f f ic ie n c y  
from STE 
Percent
Measured 
F i l te r e d  
STE T ite r#  
PFU/ml
Recovery E f f ic ie n c y  
from F i l te r e d  STE# 
P ercent
2.5 x 10" 1.2 x 10" 48 20 x 10" 80
b . f i e ld  study
Bacteriophage were Introduced to  the wastewater treatment 
system by pumping them In to  the pressurized d is tr ib u t io n  system. 
The phage suspension was prevented f r om flow ing back In to  the 
dosing tank by means of a check valve i n the d is tr ib u t io n  system 
upstream from the po in t where the viruses were In jec ted . The 
dosing pump was ac tiva ted , and 189 l i t e r s  (50 ga llons) o f sep tic  
tank e ff lu e n t was pumped In to  the treatment system. The t i t e r  
of the dose was 1.6 x 105 PFU/ml .  The t i l e  drain o u tle ts  were 
monitored and when flow began, samples were taken from the 
o u tle ts  u n t il the drainage flow ra te  returned to  a d r ip . This 
process was repeated th ree  times during the  course of the day. 
This produced 115 t i l e  drainage samples.
Table I I  i s a tab u la tio n  o f v iru s  assays over tim e. The 
assays are shown as the mean t i t e r  o f the t i l e  drainage samples 
taken a t each time period. The system was dosed w ith  STE and 
viruses a t times 0, 180 minutes, and 280 minutes. From 225 
minutes u n t il 275 minutes a hard ra in  occured, producing 6 mm of 
ra in  In  15 minutes, and as can be seen in  the assay data, the
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TABLE I I ,
EFFLUENT VIRUS TITER
TIME FROM 
FIRST DOSE, 
MINUTES
MEAN VIRUS TITER 
IN EFFLUENT SAMPLES 
PFU/ml
18
49
121
130
138
200
215
221
230
240
250
317
322
330
335
338
343
1.2  x 102
7 .7  x 101
3 .0  x 10°
1.4 x 102
6 .4  x 101
2.1 x 102
1.4 x 102
3.5 x 102
2 .2  x 102
2.5 x  102
2.5 x 102
1.3 x 103 
1 .2  x 103 
8 .9  x 102
3 .7  x 102
1.1 x 103
3 .2  x 103
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e f f lu e n t  v ir u s  t i t e r  Increased te n fo ld .  F igu re  3 I l lu s t r a te s  
th e  dosing and e f f lu e n t  v iru s  co n ce n tra tio n s  over tim e . This 
f ig u r e  shows c le a r ly  the  e f f lu e n t  v iru s  t i t e r  Increase fo l lo w in g   
th e  t h i r d  dose and ra in .
Over a two yea r average, the  S tan fo rd  O nsite  Wastewater 
Treatm ent System has c o n s is te n tly  reduced th e  Tota l Organic 
Carbon (TOC) c o n c e n tra tio n  and ammonium-nitrogen conce n tra tio n  
to  near background le v e ls .  The e f f lu e n t  fe c a l c o lifo rm  
c o n c e n tra tio n  has a tw o-year geom etric mean o f 18 co lony-fo rm ing  
u n its  per 100 ml (CFU/100 m l) .  The background t i l e  drainage had 
a tw o -yea r geom etric  mean fe ca l col i form co n ce n tra tio n  o f 3 
CFU/ml. Table I I I  1s a summary o f th e  STE t i l e  d ra in  e f f lu e n t  
and background w a te r q u a li ty  data over a tw o-year pe riod .
TABLE I I I .  
WATER QUALITY
Parameter S e p tic  Tank 
E f f lu e n t
A bso rp tion  Area 
T i le  Drainage
Background 
T i le  Drainage
Average TOC 
mg/1 55 5 3
Average NH4-N 
C o nce n tra tion  
ma/1
41 1 0
Average NO3-N 
C o nce n tra tio n  
mg/1
<1 4 1
Average C1 
C o nce n tra tio n  
mg/1
50 35 8
G eom etric Mean 
o f  Fecal Col 1- 
form  C oncentra- 
t1  on CFU/100 ml
18 3
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CONCLUSIONS
The S tan fo rd  O ns ite  Wastewater Treatm ent System 1s capable 
o f a 2 - lo g  (99 pe rcen t) re d u c tio n  1n bacteriophage t i t e r .  The 
system has shown up to  a 3 log  (99.9 pe rcen t) re d u c tio n  1n 
bacteriophage t i t e r .  As more doses were a p p lie d  to  th e  system, 
and an In tense  ra in  f e l l ,  th e  system was no t as e f fe c t iv e  1n 
removing o r In a c t iv a t in g  bacte riophage . The trea tm en t system 
a lso  produces w a te r th a t  meets th e  Arkansas Department o f Health 
Standards fo r  Outdoor B a th ing  P laces.
Based upon th e  high q u a li ty  o f the  e f f lu e n t  1n terms o f 
TOC, ammoni um -n itrogen , and c o n fo rm , th e  e f f lu e n t  1s accep tab le  
fo r  ne a rly  u n lim ite d  reuse. However, s ince  bacteriophage d id  
come through th e  system, a lthough 1n r e la t iv e ly  low 
c o n c e n tra tio n s , sane l im i t s  upon reuse are  recommended. The 
t i l e  e f f lu e n t  i s accep tab le  fo r  reuse such as f lu s h in g  w ater 
c lo s e ts  and d r i p - t r i c k le  I r r ig a t in g  on to  crops producing a e r ia l 
f r u i t s  such as tomatoes and f r u i t  t re e s , o r subsurface 
i r r ig a t io n  o f tre e s  o r ornamental p la n ts . The t i l e  drainage i s 
accep tab le  fo r  landscap ing  I r r ig a t io n  where a e ro s o liz in g  v iru s e s  
1s no t l i k e l y .  Reuse o f th e  t i l e  drainage 1n a p p lic a t io n s  where 
body c o n ta c t occurs i s  no t recommended. The S tan fo rd  O nsite  
W astewater Treatm ent System produces a high q u a li ty  e f f lu e n t  
w ith  a v a r ie ty  o f reuse p o s s ib i l i t ie s .
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Future work In v o lv in g  t h is  system Inc ludes perfo rm ing a 
lo n g e r-te rm  v iru s  study using an e n te r ic  v iru s  model such as a 
S ab in -vacc i ne s t ra in  o f p o l io v iru s .  A study o f th e  trea tm en t 
system In v o lv in g  m od ify in g  th e  dosage p a tte rn  should be 
undertaken. By low ering  th e  dose volume and using more freq uen t 
In te rm it te n t  doses a com ple te ly unsatura ted flow  c o n d it io n  may 
be m a in ta ined  i n th e  s o i l ,  even du ring  ra in  even ts, and achieve 
a more com plete tre a tm e n t, In c lu d in g  reduced v iru s  numbers 
passing through the  s o i l .
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